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Abstract 

Precision data generally require the threshold for physics beyond the Standard Model to be at 
the deca-TeV (10 TeV) scale or higher. This raises the question of whether there are interesting 
deca-TeV models for which the LHC may find direct clues. A possible scenario for such physics 
is a 5D warped model of fermion masses and mixing, with Kaluza-Klein masses ttikk ~ 10 TeV, 
allowing it to avoid tension with stringent constraints, especially from flavor data. Discovery of a 
Standard-Model-like Higgs boson, for which there are some hints at ~ 125 GeV at the LHC, would 
also require the KK masses to be at or above 10 TeV. These warped models generically predict 
the appearance of a much lighter radion scalar. We find that, in viable warped models of flavor, a 
radion with a mass of a few hundred GeV and an inverse coupling of order ttikk ~ 10 TeV could 
typically be accessible to the LHC experiments — with ^fs = 14 TeV and ~ 100 fb _1 of data. The 
above statements can be applied, mutatis mutandis, to 4D dual models, where conformal dynamics 
and a dilaton replace warping and the radion, respectively. Detection of such a light and narrow 
scalar could thus herald the proximity of a new physical threshold and motivate experiments that 
would directly probe the deca-TeV mass scale. 
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I. INTRODUCTION 



A main goal of experiments at the Large Hadron Collider (LHC) is the discovery of the 
mechanism for electroweak symmetry breaking (EWSB). While EWSB can be realized in a 
variety of ways in Nature, the most economical possibility is through a Higgs doublet scalar 
H with a vacuum expectation value (H) ~ 250 GeV, as in the minimal Standard Model 
(SM). Based on precision electroweak data, it is widely expected that the SM Higgs mass 
rriH ~ 160 GeV 0, 0. To avoid violations of perturbative unitarity (the onset of strong 
interactions), the Higgs cannot be too heavy: m# < 1 TeV JI|. [|. 

The ongoing searches at the LHC have roughly yielded, at 95% confidence level, 
115 GeV < m H < 130 GeV or else m H > 500 GeV @, 0, as of the time of the writing 
of this paper. Currently, both ATLAS || and CMS @ report excess events, at about the 
2<j level, that are consistent with a SM-like Higgs boson with a mass of m# ~ 125 GeV |§. 

If the light Higgs signal at the LHC persists, one is compelled to think what new physics 
may help stabilize its mass against quadratic divergences that lead to the well-known hier- 
archy problem. An interesting possibility for such new physics is provided by 5D warped 
models of hierarchy and flavor, based on the Randall-Sundrum (RS) geometry II. The orig- 
inal RS model was introduced to address the hierarchy between (H) and the Planck scale 
M P ~ 10 18 GeV. The inclusion of the SM gauge fields [|10[ [TTJ and fermions |2j in the 5D 
RS bulk can result in a predictive framework for explaining the hierarchy and flavor puzzles 
simultaneously |I2L |13[. A natural expectation in this scenario is the emergence of various 
Kaluza-Klein (KK) resonances at the TeV scale. 

While the simultaneous resolution of Planck- weak hierarchy and flavor puzzle that warped 
models offer is highly attractive, it entails significant corrections to electroweak precision ob- 
servables, in particular those related to the oblique T parameter, which result in constraining 
the KK-particle masses to above ~ 10 TeV ||14|| . This of course means that there still re- 
mains a small hierarchy requiring some degree of tuning of O(10~ 3 ). Compliance with these 
bounds without tuned parameters requires an enlarged bulk gauge group to provide a cus- 



todial symmetry [13, |I6|| . With this added complexity, the KK scale can be lowered to 
about 3 TeV pT8f| and the required tuning then becomes only around 10~ 2 . However, 
this setup then becomes considerably less economical, requiring extension from the SU(2) l 
gauge symmetry to SU(2)l x SU(2)r and an added set of new particles. Moreover, these 
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interesting attempts end up facing further hurdles from the flavor sector, especially as the 
K-K mixing data |I9| still constrain KK masses to be near or above 10 TeV |20], pT[] , unless 
one resorts to some tuning [^2|, or some additional symmetries Therefore, by ac- 

cepting a fine-tuning of O(l0~ 3 ), corresponding to KK masses of order 10 TeV, one retains 
the attractive simplicity of the warped models that address SM flavor. 

It has been pointed out in Refs. Po]-p7[| that if the Higgs properties are established 
to be close to those in the SM, KK masses in warped models (with or without custodial 



symmetries) are pushed to scales of order 10 TeV, well beyond the reach of the LHC [28 



Hence, the confirmation of a SM-like Higgs state at the LHC would typically constrain tokk 
to be well above the TeV scale, regardless of other precision data. Here, we note that while 



in Ref. [25] the Higgs signal is predicted to be enhanced by the effects of the warped KK 



states, Refs. [g6| £7j arr ive at the opposite conclusion, namely a suppressed Higgs signal. 
The analysis in Ref. [E7| ascribes this discrepancy to the difference in the regularization 



methods employed by the authors of Ref. [25| in reaching their conclusions. We do not 
comment here on which procedure may be the correct approach. However, either way, it is 
clear that the effects of warped states would require a high KK mass scale, near 10 TeV, if 
significant departures from SM predictions for the Higgs production and decay rates are not 
detected at the LHC J2U|. 

The above considerations suggest that the simplest warped models of hierarchy and flavor, 
especially those with a SM-like Higgs, would be naturally characterized by values of ttt-kk 
that lie outside the reach of the LHC. For example, if KK states are at the deca-TeV 
(10 TeV) scale, a simple and compelling picture of flavor can be obtained that can comply 
with the most severe flavor constraints, given the built-in RS Glashow-Iliopoulos-Maiani 



mechanism in these models |30| pl| . Without a custodial symmetry, typically deviations 
from the precision bounds on the T parameter arise, albeit at modest levels for such a large 
KK mass scale. Therefore, if the Higgs turns out to be light, with m# ~ 125 GeV, new 
deca-TeV physics may need a mild degree of custodial protection. However, without access 
to KK modes at the LHC, it may appear that we have achieved freedom from tension with 
flavor and electroweak constraints at the expense of experimental verifiability. We will argue 
below that this is not necessarily the case. 

In this work, we note that deca-TeV warped scenarios typically include a light scalar, 
namely the radion of mass <C hikk, that may be accessible to TeV-scale experiments, 
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such as those at the LHC. The appearance of such a scalar, often referred to as the dilaton, 
is also likely common to all dynamical EWSB theories that are holographically dual |32| to 
a warped model ]33], i.e. 4D models that are characterized by conformal behavior above the 



KK scale [|3"41-|3"T|] . The couplings of (f) are suppressed by the scale of new dynamics (mass 
scale of heavy resonances). If measured, the signal rate in various decay channels of <p and 
its narrow width could provide estimates of the scale that suppresses the interactions of </>, 
offering clues about a new physical threshold near the deca-TeV scale. We note that the 
width of the radion in the regime studied in our paper is typically much smaller than the 



width of a SM Higgs of similar mass [38]. For other work on warped models with a decoupled 



KK sector (m KK > 1 TeV) see Refs. |g gO 



II. SETUP 

We will adopt the usual RS background metric |§ 

ds 2 = e- 2ky r]^dx^dx u -dy 2 , (1) 

where k is the curvature scale, typically assumed smaller than the 5D fundamental scale 
M 5 . The compact dimension y is bounded by ultraviolet (UV) and infrared (IR) branes at 
y = 0, L, respectively. The gauge and fermion content of the SM are placed in the 5D bulk. 
We will not require any other gauge symmetries beyond the SM SU(3)c x SU{2) L x U(l)y- 
The electroweak symmetry is assumed to be broken by an IR-brane- localized Higgs doublet 1 . 
The flavor structure of the SM can be obtained, using bulk fermions with non-zero vector-like 



masses m i} i = u,d, . . . ||12|, [13fl. The resulting zero- mode fermions are exponentially localized 
in 5D, parameterized by q = rrii/k, with q ~ 1 for light fermions that are UV-localized and 
have small overlaps with the IR-localized Higgs. 

The radion <p represents |43|] quantum fluctuations of the position of the IR brane and 
interacts through its couplings to the trace of the energy-momentum tensor; these couplings 
are suppressed by the scale ]44 



^ = e- k \QMl/k. (2) 



1 We note that the bulk Higgs in warped gauge-Higgs unification models jy], Q receives 1-loop mass 
corrections cut off by KK masses and is less fine-tuned. However, these models are in general subject to 
the same severe tensions with the flavor data that push the KK scale to ~ 10 TeV. 
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The interactions of with bulk fields are derived in Ref. [[45] and summarized in Ref. ||38| . 
to which we refer the interested reader for the relevant expressions and details j|6] . In this 
work, for simplicity, we will not consider possible brane-localized kinetic terms, as their 
inclusion will not change our results qualitatively. We will also ignore Higgs-radion mixing 
(for an early discussion of this possibility see the third work in Ref. [f5||). This mixing is 
proportional to (H)/A$ and for ~ 10 TeV (as we have typically assumed in our work) it 
is a very small effect and can be ignored in our study. We note that interactions of the radion 
that are relevant to our analysis are governed by the low-energy states in the theory. Hence, 
the details of bulk gauge symmetries are not very important here, and our assumption of 
a SM bulk gauge content leads to conclusions that apply also to other more complicated 
scenarios. For some recent works on radion phenomenology see, for example, Ref. [[47] . 



As a guide for phenomenology, we will consider the Goldberger-Wise (GW) mechanism 



13], [44|, with a bulk scalar $ of mass m and brane-localized potentials. The 5D vacuum 
expectation values of $ on the UV and the IR branes are denoted by vq and vl (with mass 
dimension 3/2), respectively. The stabilized radius L is then given by [] 
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kL 



~ 1 \ii{vq/v l ) 



(3) 



where e = m 2 /(Ak 2 ) and 



2;„2 



3M| 



e z k 



(4) 



with k = ke kL the warped-down curvature scale. 



III. ELECTROWEAK CONSTRAINTS 



Various corrections resulting from the appearance of new states above the weak scale can 
be parametrized in terms of the oblique Peskin-Takeuchi {S,T) parameters JJH] and we will 
discuss them below. Contributions from the tree-level mixing of the gauge zero modes with 
the heavy KK modes are given by [15] , 



S tTee ^2n({H)/kf 



kL 



and 



7T 



tree 



2 COS Oyy 



({H)/kf 



(5) 



(6) 
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where 

^ V ; i_ e feL(2 C -i) ^ 3-2 C y v ; 

is a function of fermion localization parameter c and cos 2 6\y ~ 0.77. For fermion profiles 
that lead to a realistic flavor pattern we have £(c) <C f. 

In the absence of a 5D custodial symmetry, a UV-sensitive loop contribution to the T 
parameter arises. This dependence on the cutoff-scale physics can be "renormalized" by the 
addition of a higher- dimension operator. One can use naive dimensional analysis relevant 
for strong dynamics [^] to estimate the size of the UV-sensitive contribution by 

(D»HYH(HW,H) 
(Ajv ~ p , [p) 



where k plays the role of the decay constant for a composite particle f4"2| . The contribution 



from the above operator to the T parameter can then be estimated by |L5 



1 ((H) 



2 



*bv~^yj , (9) 

where a is the electromagnetic fine-structure constant. The results from Refs. [17, IS| suggest 



that the loop contributions to the S parameter summed over the KK modes are not large, 
even for ~ 3 TeV KK masses they consider. 

IV. RANGE OF PARAMETERS 

We will assume that the Higgs is light: m# ~ 125 GeV (other values in this range will 
also lead to nearly the same conclusions reached below). We now examine the expected 
sizes of 5T and 5S in the deca-TeV warped model considered in this work. For the sake of 
concreteness, let us consider rnxx = 10 TeV for bulk gauge fields, which implies k ~ 4 TeV 
PH| , [TTJ. The value of kL determines the UV scale k in the RS geometry through k = ke kL . 



We will consider a range of values bounded by kL = 10 and kL = 30. With kL = 10, we 
have k ~ 10 5 TeV, corresponding to a "Little" RS scenario for flavor [50|; note that this 



value for k is sufficiently large that the resulting model can avoid conflict with even the most 
stringent flavor constraints [plj| . For kL = 30, we get k ~ 10 16 GeV, close to Mp and similar 
to the original setup 0. 

For the above choice of parameters, Eq. (|5|) then implies 5S ~ 0.02, and for 5T = 
T tree -I-Tuv, we find 5T ~ 0.3-0.5 for 10 < kL < 30. Hence, agreement with electroweak data 
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52 1 may require a bulk custodial symmetry or a somewhat larger KK scale. Alternatively, 



the Higgs could be heavy, say above ~ 600 GeV |52|, one may consider this possibility 
if the present hints for a light Higgs do not persist with more data ||. In any event, our 
main result — that a sole weak-scale radion (dilaton) can provide indirect evidence for KK 
(composite) states at scales as high as ~ 10 TeV — does not depend sensitively on the mass 
of the Higgs. 

For simplicity, we will set k = M5, which gives = \^6k; hence we will have ~ wikk- 
Our choice for k is consistent with ignoring higher-order terms in 5D curvature \R^\ — 20k 2 
||54j| , as assumed in derivation of the RS background |J, where the expansion parameter is 
R5/M 2 and M c ~ \p2AixM^ H55| . Since t>o and Vl are 5D parameters, it is reasonable to 
assume that t>o,L ~ k 3 ^ 2 and Ii\.(vq/vl) ~ 1, which implies e ~ (kL)" 1 , from Eq. ([|). Using 
Eq. (U), one then finds ~ kjikV). Hence, for 10 < kL < 30 we may expect to be of 
order a few hundred GeV in our setup. 2 

V. RESULTS 

The radion can be singly produced at the LHC via gluon fusion: gg — > <fi. The partonic 
cross section is given by 

2 

a(gg^ ( f ) ) = ^C 2 g ^6(s-m 2 ), (10) 

where y/I is the partonic center-of-mass energy and C gg = —\j[AkV) — 23a s /(247r) if < 
2m t . This may be compared to the cross section for production of a SM Higgs boson in the 
m t — )• 00 limit pSfl : 

H99^H) = ^™f6(s-m 2 H ), (11) 
5767T v l 



2 If the IR brane tension is "detuned" significantly from the RS background value, the radion mass scaling 
can be changed to ~ kj\fkL |56|, |7), in which case the radion could be somewhat heavier: ~ 
500-1000 GeV. The typical radion masses considered in our analysis may then require that the IR branc 
tension is somewhat tuned. In any event, these simple estimates ignore order-unity factors coming, for 
example, from the specific parameters of the stabilizing scalar potential. Hence, the mass range in our 
analysis may be relevant even in the case of large IR brane tension detuning, but this depends on the 
specifics of the stabilization mechanism that lie outside the scope of our phcnomcnological analysis. We 
thank K. Agashc for emphasizing these issues. 
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FIG. 1: Branching fractions of the radion as a function of radion mass, assuming mu = 125 GeV, 
kL = 10, and A = 10 TeV. 

where v is the vacuum expectation value of the Higgs field. Hence, in the regime of validity 
of the above equations, we have 

2 -^f-) 2 a{gg^H). (12) 
a s A J 

The above equation suggests that a(gg — > 0) ~ 0.1 a(gg —> H) for kL = 30 and = 
10 TeV. The Higgs production cross section via gluon fusion at the 14 TeV LHC for rrin = 
125 GeV, for example, is about 50 pb flSSfl , which includes a i^-factor of ~ 2 from next-to- 
next-to-leading order [[Kj and next-to-next-to-leading logarithm |J]J corrections. We find 



that the corresponding leading order cross section for = 125 GeV is about 1.8 pb, which 
is consistent with the naive expectation from Eq. flT2"|). 

Provided the radion is sufficiently heavy (m^ > 2mw), its dominant decay mode is to a 
pair of W bosons. See, for example, Fig. [I], illustrating the branching fractions of the radion 
for one choice of parameters. 

We first consider a search for the radion in the WW channel at the LHC, following 
the planned energy upgrade to 14 TeV. In order to minimize QCD background, we take 
as our signal process the fully leptonic channel: gg — >■ <fi — ^ W + W~ — > l + vil'~vit, where 
/ and /' may be either e or fi. We compute this process at leading order in the narrow- 
width approximation, using the Cuba library for numerical integration. The irreducible 
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FIG. 2: The 3<7 (dashed) and ha (solid) contours, in the (m^,, A^) plane, for <f> — > W + W 
at the LHC with 100 fb -1 at 14 TeV, with kL = 10. 



l+l~vu 



background is the SM process pp — >■ l^l'^vv' (dominated by SM WW production), which 
we simulate using MadGraph 5 []63[| . Both signal and background are computed using the 
CT10 parton distributions |)4 . 



We impose the following cuts, somewhat similar to those used in Higgs searches at the 
LHC |55|, ^6[. We require exactly two oppositely charged leptons (e or /x), each with pseu- 
dorapidity < 2.5, and no accompanying jets. One of the leptons must have trans- 
verse momentum pt > 20 GeV, while the other must have pt > 15 GeV. The two lep- 
tons must have an invariant mass mu > 10 GeV and be separated by AR > 0.4, where 



AR = a/ (Aip) 2 + (Ar/) 2 is the separation in azimuthal angle ip and pseudorapidity rj. When 
both leptons have the same flavor (e + e~ or /i + /i~), we further require that mu > 15 GeV 
and \mu — mz\ > 15 GeV, in order to suppress the Drell-Yan background. Additionally, 
we require large missing transverse energy E™ 1SS , which we identify as the vector sum of the 
neutrinos' transverse momenta: E, 
e + e~ and events. 

Finally, we consider a transverse mass variable m<r, defined by 

2 



> 25 GeV for e ± /x T events and Ef ss > 45 GeV for 



nr. 



pU\2 + ml + E™ 



I _L -,-, m i ss 1 2 
|P j. -|- p T | , 



(13) 
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FIG. 3: The 3a (dashed) and 5a (solid) contours, in the (m^, kL) plane, for 
at the LHC with 100 ftr 1 at 14 TeV, with = 10 TeV. 
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FIG. 4: The 3cr (dashed) and 5a (solid) contours, in the (A^,, kL) plane, for 
at the LHC with 100 fb _1 at 14 TeV, with = 200 GeV. 
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Signal 


Background 


S/y/B 


200 


10 


10 


1.57 x 10 3 


6.49 x 10 4 


6.18 


300 


10 


10 


557 


4.81 x 10 4 


2.54 


200 


15 


10 


700 


6.49 x 10 4 


2.75 


200 


10 


30 


873 


6.49 x 10 4 


3.43 



TABLE I: The expected numbers of signal and background events passing the cuts, and the sig- 
nificance S/y/B, for selected values of model parameters, at the LHC with 100 fb^ 1 at 14 TeV. 

where is the transverse momentum of the lepton pair, p™ lss is the missing transverse 

. The definition of tut is such that my < for all 
signal events. Because of this relation between my and m^, the distribution of can be 
used to provide an estimate of m^. It may be possible to obtain an improved estimate by 
considering alternative transverse- mass variables that bound more tightly . However, 
in this work we restrict our attention to as defined in Eq. ([13]); in order to test for the 
presence of a radion with mass m^, we require that < tjit < m$. 

The model parameters relevant for this search are m^, A^, and kL. In Figs. we show 
3cr and 5<r contours in various slices of this parameter space, assuming 100 fb" 1 of integrated 
luminosity at the LHC with a center-of-mass energy of 14 TeV. The significance is defined 
as S/ \f~B~, where S and B respectively denote the numbers of signal and background events 
surviving the cuts. The expected numbers of signal and background events are shown, for a 
few representative points in parameter space, in Table 0. 

For radion masses below the WW threshold, an important search channel is the diphoton 
final state, especially for smaller values of kL |3£| 3 . The observation of the radion signal 
in this channel would provide the value of through the reconstruction of the resonant 
peak. In Fig. |5], assuming A^ = 10 TeV, we have plotted the 3a reach for this channel in 
the (m^, kL) plane, using the methodology of Ref. |38| and assuming 100 ftT 1 of integrated 
luminosity at 14 TeV. We see that for kL < 12, significant evidence for a radion of mass 
in the range 100-160 GeV can be obtained. Therefore we find that, through the 77 and 

3 We note that, for values of kL in the lower part of the range considered here, the branching fraction for 
4> — > 77 tends to be significantly larger than the corresponding branching fraction of the SM Higgs; sec 
Fig. @. 



momentum, and E™ 1SS = |p™ lss | 1 66, 67 
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WW channels, the LHC has the potential to detect a radion signal over a healthy portion 
of parameter space, probing radion masses up to m$ ~ 290 GeV and scales as high as 
~ 14 TeV. 

20 P ' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' 1 ' ' ' r ~- 



140 160 

m [GeV] 



FIG. 5: The 3a contour, in the (m^, kL) plane, for cf) — > 77 at the LHC with 100 fb 1 at 14 TeV, 
with K s = 10 TeV. 



In case the current hints for a Higgs at about 125 GeV persist with more data, we see from 
Fig. p] that <j) — y hh is one of the dominant decay channels of the radion for m$ ^ 250 GeV. 
If the Higgs is sufficiently SM-like, we may expect that each Higgs will mainly decay into a 



bb pair. This signal suffers from a large 46 jet QCD background |69| . While one may devise 
suitable cuts in order to make the 46 final state a useful search channel |70|| , looking for the 
radion using this final state will likely require improved analysis techniques and a detailed 
study, which lie outside the scope of this paper. 

We close this section with a comment on the possibility of identifying the radion. If a 
narrow scalar is found at a few hundred GeV, in principle, measurements of its branching 
fractions could be a guide to its identity. For example, in the context of RS-like models 
of flavor, as examined here, we may expect a typical set of branching fractions comparable 
to those presented in our Fig. |l[ However, it should be kept in mind that due to various 
model-dependent assumptions, one cannot make very precise statements here. What we 
have tried to demonstrate in our work is that, even if the scale of the new physics is at 
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about 10 TeV, one may still have access to the radion signal and a hint for a nearby scale, 
in the class of models we have considered. 

VI. CONCLUSIONS 

In this work, we considered the possibility that the threshold for new phenomena may 
be at the deca-TeV (10 TeV) scale, as suggested by indirect precision measurements. In 
such a circumstance, one may ask whether there are physics scenarios that are governed by 
scales as high as 10 TeV, but also include light signature states that are accessible at the 
LHC energies. Good examples of such scenarios are the 5D warped models of flavor based 
on the original Randall-Sundrum (RS) background. The simplest versions of such models 
give rise to KK states whose masses are naturally pushed to scales of order 10 TeV, if they 
are to avoid disagreement with precision electroweak and flavor data. In order to lower 
the KK masses to a few TeV, these models must be augmented by a number of new gauge 
symmetries and large additions to their field content, leading to quite complicated setups. 
Discovery of a SM-like Higgs, hints for which may have been detected in the 2011 LHC data, 
will strengthen the case for a roughly 10 TeV lower bound on the KK threshold. 

While the LHC will not have direct access to the deca-TeV KK states, we showed in 
this work that the radion scalar, associated with the quantum fluctuation of the compact 
fifth dimension, could very well be discovered at the LHC, with design parameters. We 
considered realistic warped flavor scenarios, characterized by UV scales ~ 10 5 10 13 TeV and 
KK masses of ~ 10-15 TeV. We focused on the gluon- fusion production of the radion. For 
7710 > 2my/i we considered the typically dominant WW decay channel, followed by leptonic 
decays of each W . For < 2mw, we examined the utility of the diphoton channel in 
searching for the radion. Our analysis indicates that a radion of mass ~ 100-300 GeV can 
be detected by the LHC experiments at the ~ (3-5) a level, for interesting parameter ranges 
of warped flavor models, assuming 14 TeV for the center-of-mass energy and ~ 100 AT 1 of 
data. Other decay channels, such as <fi — > WW — > lujj and </> — > ZZ, can be included in 
a more comprehensive analysis, leading to an improved reach. However, our results give a 
good estimate of the possibilities at the LHC. We also pointed out that assuming a SM-like 
Higgs at ~ 125 GeV, one may consider the — > hh — > bbbb signal for > 250 GeV, 
but this will likely require improvements in analysis techniques to control the large QCD 
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background. 

Our conclusions suggest that, through the production of a weak scale radion, experimental 
evidence for a warped deca-TeV threshold could be accessible at the LHC in coming years. 
Similar statements are applicable to dual 4D theories, with a dynamical scale around 10 TeV, 
whose spectrum is expected to include a light dilaton associated with spontaneous conformal 
symmetry breaking. In either picture, the discovery of a light and narrow scalar can herald 
the appearance of new physics at the deca-TeV scale, motivating new experiments at center- 
of-mass energies beyond that of the LHC. 

Note added 



After this work was completed and during the review process, ATLAS [71] and CMS 
f(W\l announced the discovery of a Higgs-like state at about 125 GeV. More data is required 
to determine, at a statistically significant level, whether this new state has properties that 
are different from those of the SM Higgs. However, the possibility of a heavy Higgs above 
~ 600 GeV, mentioned earlier in our discussion, is now strongly disfavored. 
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